Introduction
The rapid population growth and development of the livestock sector have increased the demand for protein-enriched feed. According to some researchers, in the future, it will not be possible to meet this demand only by using current forage and commercial grain feeds (Xie et al., 2016) . Thus, it is necessary to find new alternative feeds. Currently, millions of tons of byproducts or waste are created by agricultural industries every year, and these products can be used in animal nutrition (Sayehban et al., 2015; Sayehban et al., 2016; Xie et al., 2016; Sateri et al., 2017) . Olive leaves, for example, which are a byproduct from agricultural industries, are collected during pruning and oil extraction (Martín-Garcıá et al., 2003; Martín-Garcıá and Molina-Alcaide, 2008) , and every year, 10% of the total weight of harvested olives are generally leaves. Previous studies have demonstrated that adding raw olive leaves to diets did not affect the performance of sheep, goats, lactating cows, and pigs (Paiva-Martins et al., 2009) . These results were mostly due to the low nutrition value (low protein and cellulose components) of the leaves and to some components (tannin, nonstarch polysaccharides, etc.) of the leaves that have a negative effect on the animals (Martín-Garcıá et al., 2003) . Although different methodologies, such as using treatments with hydrous ammonia, drying (Martín-Garcıá and Molina-Alcaide, 2008), urea-ammonia processing, and using white saprophyte fungi to break down the lignin-carbohydrate complex (Dermeche et al., 2013) , have been applied to improve the abovementioned factors, satisfactory results have not been obtained.
Solid-state fermentation (SSF) is an important tool for producing biologic materials that positively affect health. Previous studies have demonstrated that the protein quality of both feedstuffs (Mathivanan et al., 2006) and agricultural industry waste (Zhang et al., 2012) could be improved by using SSF to break down non-starch polysaccharides (NSP) that could then be transformed into glucose, thus eliminating the anti-nutritional components. In many studies using fungi as the microbial inoculants, A. niger showed a rather strong ability to produce enzymes, such as hemicellulase, hydrolase, pectinase, protease, amylase, lipase, and tannase, during fermentation, thereby improving the nutritional composition of the fermented products (Yao and Nokes, 2014) .
Although some studies have considered the use of olive leaves in breeding stock feed (Pertıńez et al., 2000; Martín-Garcıá et al., 2003; Cayan and Erener, 2015) , the number of studies related to the nutritional and chemical improvement of dried olive leaves fermented by A. niger is rather limited. In fact, the effect of using A. niger as the microbial inoculant in SSF on the nutrient (CF, ADF, NDF, EE, etc.), macro and micro element, starch, and sugar contents of olive leaves have not been demonstrated so far. In addition, there is no information on the improvement of the nutritional value of olive leaves by using selected A. niger strains with certain characteristics, such as single cell protein, tannase, and cellulase production ability. Thus, the present study determined the chemical content and nutrient and mineral composition of olive leaves fermented by selected A. niger strains, aiming to highlight the implications of utilizing fermented olive leaves in animal nutrition.
Materials and methods

Olive leaf procurement and storage
The leaves were collected from an olive grove in Aydin province, Turkey (37 o 45'32" N; 27 o 45'11" E) in September 2015, air dried in the shade at 30°C and 15-20% relative humidity for three days, and stored in shelters (for protection against insects, light, mice, etc.).
Microorganisms
All microorganisms used in this study were obtained from the American Type Culture Collection (ATCC, Wesel, Germany 
Culture medium and culture conditions
The A. niger strains obtained from ATCC were incubated on potato dextrose agar (PDA; Oxoid Ltd., Basingstoke, UK) at 28 °C for seven days, according to the agar plate technique. After incubation, the spores were harvested by turning the plate upside down and gently hitting the top, counted in a hemocytometer using the Fuchs-Rosenthal technique, and inoculated into the olive leaves on the same day (Zhang et al., 2012) .
Solid-state fermentation preparation
Before fermentation, the dry olive leaves were ground in a 2-mm sieve (ZM200; RETSCH, Haan, Germany) and autoclaved at 121°C for 15 min. After sterilization, the leaves were divided into two groups: fermented and nonfermented. The olive leaves subjected to fermentation were placed in a 1 kg of solid stock (olive leaves:wheat bran:corn cob = 8:1:0.5) with 1.6 L of nutritional salt (glucose:urea:(NH4) 2 SO 4 :peptone:KH 2 PO 4 :MgSO 4 .7H 2 O = 4:2:6:1:4:1). The pH of the fermentation environment was calibrated to 5 using 1 N NaOH and HCl. The starting relative humidity was 60%, and after adding the nutritional salt, 1.4×10 6 A. niger spores per kg of solid environment were put inside a sterile cabin at 28-30 °C. Because A. niger is a microaerobic organism, it is able to grow and develop even if it is left in a closed environment (David et al., 2003) . Thus, after incubation, the fermented olive leaves were placed in plastic containers, gently pressed, and left for 48 h at the same temperature as incubation. At the end of this period, the olive leaves were spread on top of a polythene sheet in a room at 30-40 °C for six days until reaching approximately 90% dry matter. Then, the leaves were broken into 0.15 mm pieces. After the fermentation period, the A. niger strains were exposed to 60 °C for 48 h to become inactive.
Chemical composition analyses
Ash (method 942.05), CP (method 976.06), ether extract (EE, method 920.29), and crude fiber (CF, method 973.18) were determined according to the Association of Official Analytical Chemists (AOAC, 1990) methods before and after SSF. The neutral detergent fiber (NDF) and acid detergent fiber (ADF) analyses were conducted according to Van Soest et al. (1991) using the ANKOM 200/220 fiber analyzer (ANKOM Corporation® Technology, Fairport, NY, USA). The leaf starch content was determined according to the polarimetric method (method TS ISO 6493), while the sugar analysis was conducted according to the LuffSchoorl method (TS 12732). Each sample was measured three times, and the average value of each measurement was determined. Metabolic energy (ME) and the nitrogen-free extract (NFE) content were calculated according to Moran and Jones (1992) 
Amino acid analysis
The amino acid composition of the fermented and unfermented olive leaves were analyzed according to Dimova (2003) . For this purpose, the homogenized samples (0.1-1.0 g) were placed in 50-mL closed analysis bottles; 20 mL of a 6 N hydrochloric acid solution was then added to each sample, followed by nitrogen gas, and the bottle was firmly closed. After hydrolysis in a drying oven for 24 h at 110 °C, the samples were brought to room temperature and filtered through filter paper; 0.2 mL of the filtrate was then passed through a test tube and evaporated under nitrogen gas at 50 °C. This evaporation process was repeated after adding 0.5 mL of acetonitrile.
Approximately 0.5 mL of acetonitrile:methano l:triethylamine and 0.1 mL of a derivatization solution were added to the residue inside the test tube, which was derivatized for 30 min in a drying oven at 40 °C. After evaporation under nitrogen gas at 40 °C, 0.2 mL of acetonitrile was added, and the residue was re-evaporated under nitrogen gas. Then, 5 mL of a 0.02 M ammonium acetate solution was added, and after filtering through a 0.2-µm filter, ultrafast liquid chromatography (UFLC) was conducted according to the conditions and profile presented in Tables 1 and 2 . 
Analyses of macro and micro minerals
The contents of micro and macro minerals in the olive leaves before and after SSF were determined according to the AOAC (1990) method. Briefly, the samples were dried in the oven for 48 h at 65 °C, and 5 g of each sample was then mixed with 6 mL of 65% nitric HClO 4 and left to stand overnight. After 24 h, the samples were heated at 100-150 °C until they turned light yellow, cooled down, placed in 50-mL flasks and diluted by adding distilled water to the meniscus line. The macro and micro mineral contents of the diluted samples were quantified by inductively coupled plasma-mass spectrometry (ICP-MS) on a PerkinElmer Elan DRCe instrument (PerkinElmer SCIEX, Shelton, CT, USA).
Determination of condensed tannins
Changes in the amount of condensed tannins after SSF were determined using the butanol-HCl method (Makkar et al., 1995) . In brief, the samples (0.01 g) were mixed with 6 mL of an n-butanol:HCl:FeSO 4 solution (95:5:0.05), boiled in a condenser unit for 1 h, and then rapidly cooled down in iced water.
The absorbance values were determined by a spectrometer (Genesys 10S UV-Vis, USA) at 550 nm.
Statistical analyses
One-way analysis of variance (ANOVA) followed by Duncan's multiple comparison tests were performed in SPSS 21.0 for Windows (IBM Corporation, Armonk, NY, USA) to determine whether the differences found between the mean values of all variables (except minerals) in both groups were significant (P<0.05).
Results
The changes in the chemical composition of olive leaves after SSF are presented in Table 3 . The ash, CP, and EE contents increased in the fermented leaves, while the amount of CF and NFE decreased compared to those in C (P<0.01). In addition, ADF in the F3 group was not significantly different from that in the control, while NDF only decreased in this group (P<0.01). The highest increase was observed in CP in the F4 group (164%), while the CF and NFE contents were the lowest in this group. In addition, the ME values of the fermented olive leaves decreased for all fermented groups when the first equation was used, but an increase in ME was observed when it was calculated using the second and third equations (P<0.01).
Figure 1 presents the changes observed in the olive leaf starch and sugar contents after SSF. According to these results, both the starch and sugar contents decreased in all groups compared to those in C (P<0.01).
In addition, all A. niger strains positively altered the amino acid composition of the olive leaves after fermentation but to different extents (Table 4 ). In general, the highest amino acid contents were observed in F4, while the lowest were observed in C (P<0.01).
The changes in the contents of some macro minerals in the fermented olive leaves are presented in Figure 2 . Generally, the mineral levels increased in all fermented groups compared to those in C. The highest increase in phosphorus and calcium was observed in F3.
The changes in the micro mineral contents of the fermented olive leaves were similar to those observed for the macro minerals (Figure 3) . The iron content increased in all fermented groups compared to that of C, although the highest TM increase was observed in F4. The levels of manganese, copper, and zinc did not change among the groups, and boron increased in all groups after fermentation.
The condensed tannin content of the fermented and unfermented olive leaves are presented in Figure 4 . The values in the control group were lower than in the fermented groups. The highest condensed tannin content among the fermented groups was found in F2, while the lowest was found in F4 (P<0.01).
Discussion
The results of this study revealed that the A. niger strains used in SSF had a key role in the changes observed in the nutritional value of the olive leaves. Although similar to the results obtained by Xie et al. (2016) , the present results also revealed increases in the amino acids and protein contents and changes in the condensed tannin content. These changes might be explained by several factors, such as the origin of A. niger, enzyme production capability, amount of inoculum, fermentation period, fermentation conditions, pretreatment, plant origin, variety of olive trees, climatic conditions, year, and proportion of wood (Molina-Alcaide and Nefzaoui, 1996; Pertıńez et al., 2000) .
The CF content of the olive leaves decreased with SSF using A. niger, particularly in F3, which was capable of cellulase production, and in F4, which was capable of cell protein production. et al., 2008) . A decrease in the CF content of tapioca bark was reported in another study using A. niger SSF (Aderemi and Nworgu, 2007) , and this decrease was considered to be related to the hydrolytic nature of A. niger. This claim was supported by the work of Chesson (1993) , who stated that certain enzymes released by the fungus during fermentation could break down cell walls. However, to observe such an effect, the physiochemical properties of both the substrate and enzyme need to be fully compatible. Thus, because the CF content decreased in all groups after fermentation, the A. niger strains used in the present study were compatible with olive leaves, and the breakdown of the cell walls was achieved, decreasing the leaf cellulose content. However, the decrease observed in the CF content with the F3 treatment was expected because the strain used in this group had the ability to break down cellulose. In fact, the cellulose content of the F3 olive leaves after fermentation was lower than that in the other groups, with the exception of F4.
The ADF content of the olive leaves significantly decreased with SSF, although to different extents in the different groups, but the NDF content was not significantly changed with fermentation. According to the in vitro study conducted by Pertínez et al. (2000) on olive leaf nutritional composition and digestibility, DM and organic matter digestibility decreased with increasing ADF and NDF contents. Researchers have also suggested that an increase in the NDF content could negatively affect protein digestibility, and similar findings were obtained in a digestibility study with olive cake (Martín-Garcıá et al., 2003) . Although leaf digestibility was not measured in the present study, the ADF, NDF, and cellulose levels observed suggest that SSF might positively affect the digestibility of the fermented olive leaves. However, further studies need to be conducted to confirm this hypothesis. In addition, because ADF is a combination of cellulose and lignin and the cellulose content decreased in all groups after SSF, the idea that the microbial inoculants provided enzymes that could break down cellulosic structures was supported by the decrease in ADF.
In the present study, the starch and sugar contents in all groups except F1 irregularly decreased after fermentation (P<0.01). The decreases in the carbohydrate content of the fermented olive leaves could be related to the hydrolytic ability of the enzymes released by the microbial inoculants, which degrade leaf starch, providing glucose and glycosine that are then used by the microorganisms as carbon sources (Rai et al., 1988; Oboh, 2006) . This hypothesis was supported by the decrease in the carbohydrate content of tapioca roots fermented using A. niger, which was accompanied by an increase in the protein content (Okpako et al., 2008) . The researchers suggested that these changes could be due to the use of starches and sugars as carbon sources for microorganism development during SSF, thereby causing a decrease in the carbohydrate content of the fermented tapioca roots. Similar results were obtained by Aguilar et al. (2008) in their study on solid-state-fermented creosote bush leaves and pomegranate rind using A. niger. The results of the present study also corroborate this theory, as the starch and sugar contents decreased in most of the fermented olive leaves, while the protein content increased. The increase observed in the starch and sugar contents of F1 might be due to the sugars released from the hydrolysis of phenolic compounds during fermentation.
The protein content of the olive leaves at both the nitrogen level and amino acid level increased after fermentation, although to different extents according to the A. niger strain used; these results revealed that the properties of each strain influenced the SSF results. This theory was corroborated by the fact that F4, a group with the potential to produce single cell proteins, showed the highest increase in protein. The variations in the protein and amino acid contents among the different groups could be explained by the type and amount of enzymes released by the microorganisms. Oboh and Akindahunsi (2003) determined that the enzymes (protease, amylase, cellulase, hemicellulase, hydrolase, pectinase, etc.) released by microorganisms during fermentation in order to use vegetable materials (protein, starch, sugar, or cellulose) as carbon sources could increase the protein content of the fermented product (Mathivanan et al., 2006) . On the other hand, some studies have shown that the increase in protein could be due to the increase in fungus mycelium resulting from the growth and reproduction of the microorganisms during fermentation (Oboh, 2006) . Thus, the increase in the protein and amino acid contents of the fermented olive leaves observed in the present study might also be explained by the abovementioned factors.
The ash composition increased after fermentation, similar to that reported by Okpako et al. (2008) for fermented tapioca bark, by Oboh and Akindahunsi (2003) , who used Saccharomyces cerevisiae as the microbial inoculant in SSF, and by Aguilar et al. (2008) , who also used A. niger for the SSF of creosote bush leaves and pomegranate rinds. Most of the mineral contents, especially phosphorous, also increased after SSF. Rai et al. (1988) suggested that phosphorus in a complex state could be broken down by phytase released by fungus, and Dei et al. (2008) suggested that this enzyme released the phosphorus connected to it during fermentation, thereby increasing the phosphorus levels of the fermented product. In the present study, the increase in phosphorus observed in the fermented leaves might also be attributed to the release of phytase by A. niger during fermentation. On the other hand, the calcium content decreased with olive leaf fermentation, contrasting with the findings of Aderemi and Nworgu (2007) , in which the calcium, potassium, and sodium contents increased in tapioca roots after SSF using A. niger.
Bacteria, yeasts, and filamentous fungi are known as tannase producers, and Aspergillus species are the best tannase-producing microorganisms during SSF (Bhat et al., 1998) . Saxena et al. (1995) reported that Aspergillus sp. and Penicillium sp. could use catechin, gallotannin, and gallic acid as carbon sources. Because Aspergillus species can also produce enzymes such as hemicellulase, hydrolase, pectinase, and lipase during SSF, they can easily change the structure of anti-nutritional factors by using substrates such as polysaccharides and tannins (Hong et al., 2004) . Scalbert (1991) suggested that hydrolyzed tannins were more resistant to microorganismal secretions than condensed tannins. Accordingly, Dei et al. (2008) stated that microorganisms could break down hydrolyzed tannins more easily than condensed tannins during SSF. Thus, in the present study, the condensed tannin content changed according to the ability of the A. niger strains to produce tannase and other enzymes. Nevertheless, because SSF using microorganisms is a rather new technique, further studies are necessary to determine the effects of the microbial inoculants involved in SSF on the production of tannins and its derivatives.
In conclusion, the current solid-state fermentation with A. niger strains used in this study increased the protein and amino acid contents of the olive leaves and decreased the cellulose and condensed tannin contents. The harvested olives mainly come to olive oil mills with their leaves. These leaves have not been used efficiently in any industry and cause environmental problems. Although the raw nutrient contents of olive leaves are suitable for native goat nutrition, the current SSF technique would allow olives leaves to be used for ruminants and for poultry due to the increased protein (+ amino acid) level and lowered crude fiber content. In addition, these findings will encourage animal nutritionists to use A. niger strains on other agricultural byproducts. Since the selected A. niger strains and olive leaves were compatible and the necessary environmental conditions for microorganismal reproduction were formed, a new direction for studies involving SSF was found.
Acknowledgments
The financial support from the Scientific and Technological Research Council of Turkey (project number TUBITAK-TOVAG 114R110) is gratefully appreciated. El presente estudio tuvo como objetivo examinar los efectos de fermentación en estado sólido (FES) usando cepas de A. niger selectiva en el aminoácido, mineral, taninos condensados, y otros contenidos químicos de hojas de olivo. Las muestras secas se dividen en no fermentada (C) y se fermentan (F) hojas de olivo, y el último se fermentaron por las siguientes cepas de A. niger: ATCC® 9142TM (F1), ATCC® 200345TM (F2), ATCC® 52172TM ( F3) y ATCC® 201572 ™ (F4), con tres repeticiones cada uno. Grupo F4 presentó los mejores resultados, aunque todos los grupos fermentadas presentan generalmente un mayor rendimiento que C. El contenido total de aminoácidos en hojas de olivo fermentados aumentó y 68 a 209% en comparación con C, mientras que el contenido de celulosa de hojas de olivo fermentados Disminución de 7-25% . La ceniza, proteína bruta (CP) y el extracto de éter (EE) Aumento de
